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S U M M A R Y
A food-poisoning outbreak due to enterohemorrhagic Escherichia coli (EHEC) occurred in Toyama, Japan.
The case of a 26-year-old pregnant woman with hemolytic–uremic syndrome who developed acute
encephalopathy due to EHEC infection after eating raw meat is presented herein. On day 2 following
admission, a cesarean section was performed because of a non-reassuring fetal status. Fecal bacterial
culture conﬁrmed an O111/O157 superinfection. Intensive care therapies including continuous
hemodiaﬁltration and plasma exchange were performed. After the operation, the patient developed
encephalopathy for which steroid pulse therapy was added. Her condition improved gradually and she
was discharged 55 days after delivery.
 2015 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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jou r nal h o mep ag e: w ww .e lsev ier . co m / loc ate / i j id1. Introduction
In April 2011, a food-poisoning outbreak caused by Escherichia
coli O111 occurred in Toyama, Japan. A total of 326 patients had
complaints of gastrointestinal symptoms, such as abdominal pain
and bloody diarrhea. Thirty-four of these cases were diagnosed
with hemolytic–uremic syndrome (HUS). In addition, 21 of these
34 HUS cases developed encephalopathy and ﬁve cases eventually
died due to brain edema, encephalopathy, and HUS.
Enterohemorrhagic E. coli (EHEC) is primarily transmitted to
humans through the consumption of contaminated food, such as
raw meat products. The incubation period can range from 3 to
7 days, with a median of 3 days.1 Most patients recover within
10 days, but in a small proportion of patients (particularly young
children and the elderly), the infection may lead to a life-
threatening disease, such as HUS.
It is estimated that up to 15% of patients with an EHEC infection
may develop HUS,1 with a fatality rate ranging from 3% to 5%.
Neurological complications such as seizures and coma have been* Corresponding author. fax: +81-76-434-5036.
E-mail address: s30saito@med.u-toyama.ac.jp (S. Saito).
http://dx.doi.org/10.1016/j.ijid.2015.03.024
1201-9712/ 2015 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).reported in 10% of HUS patients and chronic renal sequelae in
around 25% of survivors.2
To the best of our knowledge, no case report of a pregnant
patient with HUS encephalopathy has been published to date. A
case of EHEC colitis during pregnancy causing HUS encephalopathy
after cesarean section (C-section) is described herein.
2. Case report
A 26-year-old woman (gravida 1, para 1) ate raw meat at
31 weeks and 4 days of pregnancy in an urban broiled meat
restaurant with her family. On the following day, she began to
experience bloody diarrhea with abdominal pain. Three days later
(32 weeks and 0 days of pregnancy), she consulted her obstetrician.
She was then transferred to our hospital with grossly bloody
diarrhea and severe abdominal pain.
On admission, the patient was completely awake and her vital
signs were almost stable. Her platelet count was 218  109/l and
other blood biochemical ﬁndings were normal. Irregular uterine
contractions were noted. The estimated fetal weight was 1847 g
and the fetal status was good. A specimen of the patient’s bloody
stool was submitted for culture. Treatments were started using a
bolus infusion of Ringer’s solution and a course of antibiotics
(Figure 1A).ciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
Figure 1. (A) Clinical course and treatments (CHDF, continuous hemodiaﬁltration; IHD, intermittent hemodialysis; CTM, cefotiam; FOM, fosfomycin; CLDM, clindamycin;
MEPM, meropenem). (B) CT scan (axial view) on the day of cesarean section, indicating no abnormal ﬁndings in the brain images. (C) CT scan on the 6th postoperative day,
demonstrating a low-density area in the bilateral putamen (arrows) and diffuse brain edema. (D) T2-weighted MRI (axial view) on the 12th postoperative day showing
hyperintensity of the bilateral thalamus (arrowheads), bilateral putamen (short arrows), and white matter at the lateral side of the putamen (long arrows). (E) Cytokine
proﬁles of neopterin (nmol/l), IL-6 (pg/ml), tau protein (pg/ml), sTNF-RI (pg/ml), and sTNF-RII (pg/ml) on the day of cesarean section, (F) on postoperative day 6, and (G) on
postoperative day 12.
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persisted. Her baby was delivered by C-section because of a non-
reassuring fetal status. Preoperatively she was diagnosed with
incomplete HUS with disseminated intravascular coagulation as a
result of the following laboratory data: red blood cell (RBC) count
4.35  1012/l, hematocrit 36%, hemoglobin 12.8 g/dl, absence of
RBC fragmentation, platelet count 43  109/l, lactate dehydroge-
nase (LDH) 1161 IU/l, blood urea nitrogen 21 mg/dl, creatinine
2.7 mg/dl, prothrombin time 15.8 s, ﬁbrin degradation products
16.2 mg/ml, and antithrombin 59%. A male baby weighing 1789 g
was delivered without neonatal asphyxia and with Apgar scores of
4 and 8 at 1 and 5 min, respectively.
The results of the patient’s fecal bacterial culture were returned
during the operation and reported an E. coli O157/O111superinfection. Her intraoperative output of urine was only
5 ml/h. Soon after returning to a recovery room, she complained
of dyspnea, which led to respiratory arrest, and she suffered
cardiac arrest. Cardiopulmonary resuscitation was continued until
she recovered spontaneous respiration and circulation. With a
Glasgow Coma Scale score of 11, she was moved to an intensive
care unit. Brain computed tomography (CT) showed no abnormal
signs (Figure 1B). Continuous hemodiaﬁltration and plasma
exchange therapy was started for HUS.
Mild convulsive seizures were conﬁrmed on the second
postoperative day, thus anti-convulsion therapy was also com-
menced. Furthermore, on the sixth postoperative day, steroid pulse
therapy and cytokine adsorption therapy were added because
u  d waves were shown on her electroencephalogram indicating
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lopathy were also observed on brain CT, which depicted diffuse
brain edema and low-density areas in the bilateral putamen
(Figure 1C).
The levels of inﬂammatory cytokines such as interleukin (IL)-6,
neopterin, and the soluble form of types I and II tumor necrosis
factor receptor (sTNF-RI and sTNF-RII), and tau protein were very
high at the onset of HUS (Figure 1E). The high levels of these
cytokines continued until the 6th postoperative day (Figure 1F). On
the 14th postoperative day, the patient achieved urine volume
expansion and she gradually regained consciousness. After
rehabilitation for the recovery of motor and cognitive function,
she was transferred to a rural hospital on the 55th postoperative
day. Brain ﬁndings had improved markedly, but she required
further rehabilitation because of higher brain dysfunction.
As the patient’s baby suffered from severe respiratory distress
syndrome, multi-cycle surfactant therapy was given. He demon-
strated sufﬁcient urine output after birth, and other ﬁndings such
as periventricular leukomalacia were not detected.
3. Discussion
In this case, the incubation period of the O157/O111 infection
was about 1 day. In this outbreak caused by E. coli O111 in Toyama,
21 out of 32 cases (62%) diagnosed as HUS developed encephalop-
athy. In 11 of these cases, the encephalopathy occurred on the
same day or 1 day after the onset of HUS, which is quite different
from the clinical presentations reported previously.
Takanashi et al. reported that the brain imaging ﬁndings of the
patients who developed HUS and encephalopathy had many
similarities (patient No. 9 is comparable to this case).3 In the
majority of cases, there were bilateral and symmetrical lesions in
the thalamus, putamen, and the adjacent white matter. These
ﬁndings may be indicative of acute encephalitis caused by severe
vasogenic edema. Although a brain CT scan of the patient on the
6th postoperative day revealed diffuse brain edema (Figure 1C),magnetic resonance imaging (MRI) of the brain on postoperative
day 12 fortunately showed this ﬁnding to be reversible and
localized bilaterally and symmetrically in the thalamus, putamen,
and the adjacent white matter (Figure 1D).
Shimizu et al. reported that the serum levels of inﬂammatory
cytokines were signiﬁcantly higher before the onset of HUS in
patients who had high white blood cell counts and high levels of
LDH.4 We assessed the kinetics of the released cytokines
(Figure 1E–G). Abnormally high levels of tau protein, a microtu-
bule-associated protein in axons, had already been seen in the
serum at the time of the C-section, although a brain CT image
appeared to be normal (Figure 1B). Since an increased level of
serum tau has been reported to be a marker for axonal injury in the
brain,5 this may suggest that nerve cell damage and brain tissue
injury had already occurred at the onset of HUS, even though the CT
image appeared normal. Timely monitoring of the cytokine proﬁle
may be of signiﬁcant help in predicting the development of
encephalopathy before clinical symptoms.
In conclusion, we have presented the case of a patient who
suffered from HUS by EHEC infection leading to encephalopa-
thy after C-section, but who recovered without permanent
damage.
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